The current study throw some light on potassium (K) status in some calcareous soils of Egypt as well as its relations to soil indigenous properties. To achieve the targets of this study, eight selected profiles were dug in soils of the Western Desert of Egypt, North Sinai and El-Fayum governorate. Physical, chemical and mineralogical analyses of these soils were carried out. The total and different forms of potassium in soils (i.e. water soluble, exchangeable and NH4OAc extractable) were evaluated.
Introduction
Potassium is one of the major elemental constituents of the earth crust with an average of 2.3% (Jalali, 2006) . Potassium is an essential element for plant growth and is a dynamic ion in the soil system; its importance in agriculture is well recognized (Alfaro et al., 2004) . Potassium dynamics in soils is related to the magnitude of equilibrium among various K forms and mainly governed by the composition of soils and their chemical and physical properties (Bhattacharyya et Soil K exists in four forms in soils: soluble, exchangeable, fixed or non-exchangeable, and structural or mineral. The bulk of total soil K is in the mineral fraction (Sparks and Huang, 1985) . Any change in the status of one form tends to be balanced by an appropriate shift in the other forms (Lalitha and Dhakshinamoorthy, 2014). The concentration of K in soil solution depends upon the rate of removal by the plants and the rapidity at which K can be desorbed from the adsorbed phase (Abdeen, 2014) .The equilibrium between K forms determines the K status of the soil and its supply potential to plants (Tantawy, 2017) . Plants can use only the potassium dissolved in the soil water and the exchangeable potassium on the surface of soil particles. This often amounts less than 100 mg kg -1 (Bertol et al., 2007) . According to availability of potassium in soil, soil potassium is classified into three forms: unavailable, slowly available and readily available or exchangeable (Sharpley, 1989 and Bhonsle et al., 1992) . The highest amount of the total soil K is in the mineral fraction, mainly as K-bearing primary minerals such as feldspars, muscovite, biotite, microcline and orthoclase and various other clays (Sparks and Huang, 1985) . Mineral K comprised about 90-98% of the total K in the soils as structural K (Pasricha, 2002 , Sharma et al., 2006 and Anil et al., 2009).The exchangeable K is the form of K, which is existent on the soil matrix and can be replaced by other cations of neutral salts of the soil solution. The exchangeable K constitutes less than 2 % of the total K forms approximately 90 % of the available K (Sparks, 2000) . It is the portion of the soil K that is electrostatically bound as an outer-sphere complex to the surfaces of clay minerals and humic substances (Sparks, 1987 , Havlin et al. 1999 and Sparks, 2000 .
Soluble potassium (soil solution K form) is the form of K that is directly taken up by plants and microbes. It constitutes 0.12 % of the total K. Potassium in soil solution is absorbed more readily by plants and leached out, although the most available K is an exchangeable form (Brady and Weil, 2002 The aim of this work is to study the various potassium forms of the soils under study and their relations to the indigenous soil properties.
Materials and Methods
Eight soil profiles were selected to represent some calcareous soils of Egypt [i.e., soils of Western Desert (El-Salom and El-Dabaa); soils of North Sinai (ElArish, Ber El Abd, Baloza and Romana) and soils of El-Fayum (Tamia and Kom Oshim)]. Soil profiles were dug and described according to Soil Survey Staff (1993) and Soil Survey Staff (2010) . Soils were sampled from the different layers (0-30; 30-60 and 60-90 cm), air-dried, and crushed to pass through a 2 mm sieve and kept for laboratory analysis.
Particle size distribution and chemical properties were carried out according to the method outlined by Klute (1986) and Page et al. (1982) .
Total potassium determined in soil samples after being digested by a mixture of HCl and HNO3 (aqua regia) was carried out using flame-photometer. Water soluble potassium was determined in both the soil paste extract and in a dilute 1: 5 "soil: water" extract and potassium was measured using the flamephotometer (Page et al., 1982) .
Statistical analysis was conducted using Pearson correlation and regression (Curve estimation) analysis were used to determine the relations between potassium extracts (soluble, NH4 acetate and total K) and some soil properties of the investigated soils, using Statistical Package for Social Sciences program (SPSS, 2001) version 18.0 according to (Snedecore and Cochran, 1981).
Results and Discussion

Mineralogical, physical and chemical characteristics of the investigated soils
The mineralogical composition of the clay fraction separated from representative soil samples was carried out by X-ray diffraction analysis according to Johns et al. (1954) . A semi-quantitative estimation of the clay minerals is given in Table 1 .
Physical and chemical characteristics of the western Desert soils (El-Saloum and El-Dabaa) are presented in Tables 2 and 3 . The dominant textural class of these soils was sandy loam. These soils were of relatively alkaline pH ranging from 7.32 to7.77 probably due to their calcareous nature (Abdeen, 2014). Hydrolysis of CaCO3 in calcareous soils results in release of both hydroxyl and bicarbonate ions. Since the hydroxyl ions are strong alkali radical whereas the bicarbonate ions are weak acidic radicals, therefore the soils pH values tended to be alkaline (Balba, 1995 
Electrical conductivity (EC) of El-Saloum soil ranged from 10.33 to 11.93 dSm -1 i.e. these soils are saline (EC > 4 dSm -1 ), the corresponding EC values of El-Dabaa soils ranged from 2.51 to 7.73 dSm -1 . The lower values characterized the surface (0-30 cm) and subsurface (30-60 cm) layers of these soils (3.44 and 2.51 dSm -1 , respectively) i.e. soils of surface and subsurface layers were non-saline whereas EC value of the deepest layer (60-90 cm) of this soil was saline.
Calcium carbonate of the studied Western Desert soils were relatively high ranging from 114.0 to 251.0 gkg -1 soil, however soils of El-Saloum were of generally lower CaCO3 contents than the corresponding ones of El-Dabaa. Depth wise distribution of CaCO3 within the studied soils did not follow a constant pattern. Organic matter contents of the Western Desert soils were very poor and did not exceed 5.1 g kg -1
. Such a poor content of organic matter is mainly due to the very low vegetative cover in these soils, on one hand, and the high temperature on the other hand, which accelerates the decomposition of the formed organic matter in these soils. anions were not detected. Table 2 The main physical and chemical characteristics of the north Sinai soils (El-Arish, Beer-El-Abd, Baloza and Romana) are presented in Tables 4 to 7 . Soils of El-Arish, Baloza and Romana showed a sandy loam texture due to their relative higher clay contents, while those of Beer El-Abd only showed a sandy texture.
pH values of the studied soils were generally alkaline and seemed highest in layers of Beer-El-Abd, lowest in soils of both El-Arish and Baloza and came in-between in soils of Romana.
Soils of both El-Arish and Beer-El-Abd were nonsaline because their EC value were, generally, less than 4dSm -1 whereas soils of both Baloza and Romana were saline since their EC values, generally, exceeded 4 d Sm -1 . The highest CaCO3 contents characterized layers of Baloza soils especially the 30-60 cm layers. On the other hand, El-Arish, Beer El-Abd and Romana soils contained relatively lower CaCO3 contents. Organic matter contents of all North Sinai soils were generally low except for Baloza soils whose organic matter contents were about 20 g kg -1 soil. Both the relatively lower contents of the clay fraction and organic matter content were responsible for the low values of cation exchange capacity of North Sinai soils, which were highest in El-Arish soils and lowest in Beer-El-Abd ones.
Status of potassium in some calcareous soils of Egypt and factors affecting its forms
The 
Forms of K in the investigated soils
Data presented in Table 10 show that the calcareous soils of both EL-Saloum and El Dabba show similar trends for soluble K but with less magnitude in El Dabba. The relatively lower values of both water soluble and NH4OAC-extractable K might be attributed to the calcareous nature of both soils beside of the poverty of these soils in their contents of total potassium. Soils of North Sinai (also of calcareous nature) show low values of all the K forms relatively higher values of all K forms were found in soils of El-Fayum (Tamia and Kom Oshim) probably due to the higher contents of the K between minerals.
Data presented in Table 11 reveal that water soluble potassium form correlated significantly and positively with the clay and organic matter contents besides of both the EC and CEC values, however, this soluble potassium form correlated significantly but negatively with CaCO3 content. Values of NH4-OAC extractable potassium (exchangeable) correlated positively and significantly with each of silt and organic matter contents beside of both EC and CEC values. On the other hand, the aforementioned potassium form correlated significantly but negatively with the soil pH. Relationships between studied forms of potassium and the indigenous soil properties. Total potassium correlated positively and significantly with organic matter content as well as EC and CEC values of the investigated soils. The negative effect of CaCO3 on total potassium content appeared from the negative significant correlation between these two variables.
The most important correlations indicated that the Soil EC, organic matter content and the cation exchange capacity were the most pronounced effect. However, the other soil properties although did not show significant correlations with all different Kforms, yet their influences on the K-forms cannot be neglected. 
